Abstract This work attempts to present the complex human-flood interactions from the chronically flood-affected district of Dhemaji in the Upper Brahmaputra floodplain. The objectives are to analyse perceptions, susceptibilities, indigenous knowledge and adaptations that enable coexistence of floods with floodplain dwellers. In addition, data on flood damage, breaches and cuts to embankments are collected from government departments and analysed. Results revealed a realistic perception of flood hazard amongst the floodplain dwellers. Susceptibility is higher due to the lack of infrastructure. Indigenous knowledge and adaptation strategies exist in the area enabling the floodplain dwellers to live with floods. The results also underscore the paradoxical situation where flood-control measures themselves have become detrimental to the floodplain dwellers. This creates a situation where environmental challenges outstrip the evolution of indigenous adaptation strategies. Our work is based in the Upper Brahmaputra River plains and is a contribution towards the long-standing debate on the choices humans make in response to riverine hazards.
Introduction
For centuries, communities in the floodplains of the Brahmaputra River have evolved and coexisted with the riverine floods. Their residents' beliefs, lifestyles, daily practices and culture are influenced by periodic flooding of the Brahmaputra River and its many Electronic supplementary material The online version of this article (doi:10.1007/s11069-016-2366-1) contains supplementary material, which is available to authorized users.
tributaries. For community-based flood-risk management, it is important to appreciate how floodplain communities perceive flood risks and their awareness of disaster preparedness actions. Inappropriate perception of flood risks is frequently stated as a reason for people's lack of preparedness against flood disaster (Motoyoshi 2006) and their inaccurate assessment of natural risks thereof (Slovic et al. 1974) .
Perception is not just another facet of the socio-economic environment, but a factor which is ubiquitous and discernible in the environment and attitude of individuals operating therein. Therefore, the study of their perceptions is essential in order to understand the human-environment relationship (Wood 1970) .
Complications inherent in most perception studies arise from the need for an objective evaluation of attitudes, opinions and impressions which are open to generalisation but extremely difficult to measure (Saarinen 1969; Wood 1970 ). However, they remain an essential part of community-based disaster management, especially in terms of floods, as flooding and floodplain populations share a complex and interdependent relationship (Burton et al. 1968; Krasovskaia et al. 2001; Baan and Klijn 2004; Brilly and Polic 2005; Ologunorisa and Adeyemo 2005; Siegrist and Gutscher 2006; Thieken et al. 2007; Whitmarsh 2008; Ludy and Kondolf 2012) .
Stakeholders have been defined as ''individuals or groups with a vested interest in the outcome of a decision and can include just anyone, e.g., scientists, citizens, farmers, resource managers, businessmen, politicians, and the likes'' (McNie 2007) . In this work, except for politicians and scientists (because they do not live in the area), the floodplain dwellers from various walks of life are included in the use of the term ''stakeholder''.
The potential harm suffered by a system due to a hazardous event depends upon its vulnerability-which is a measure of physical exposure and socio-economic and environmental susceptibility of the system (Mitchell 1989; Cutter 1996) . Susceptibility indicators are measures of sensitivity of a system when threatened by a hazard (e.g. floods) and may include measuring economic assets, infrastructural support, health concerns, levels of awareness and preparedness of affected populations and anything that enables the threatened persons to cope with flood hazard and recuperate after the flood event (Tapsell et al. 2002; Adelekan 2011) .
The continued human inhabitation of the Upper Brahmaputra River plain for centuries despite chronic flooding is testimony to the value of their indigenous knowledge. ''Local and indigenous knowledge refers to the understanding, skills and philosophies developed by societies with long histories of interaction with their natural surroundings. Local knowledge informs decision-making about fundamental aspects of day-to-day life'' (UNESCO-IHE). As global attention has shifted from response and recovery from floods to building the resilience of communities, indigenous knowledge has emerged as an important factor of resilience. When combined with scientific knowledge, indigenous knowledge has helped communities manage crises (Hiwasaki et al. 2014 and references therein) and led to successful disaster preparedness strategies (Mercer et al. 2009; 2010) and climate change adaptation policies (Speranza et al. 2010; Ignatowski and Rosales 2013; Williams and Hardison 2013) . Therefore, understanding existing local coping strategies, their scales and nature is vital in building resilience at household and community levels and developing adaptation plans (Davis 2004; Wamsler 2007; Jabeen et al. 2010; López-Marrero 2010) .
Consequently, the design of this study was ethnographical in nature and chosen as the qualitative methodology. Interviews were carried out amongst the floodplain dwellers from the Upper Brahmaputra River plain, information on damage and flood risk was gathered from government agencies, and narratives from villagers and personal observations were used to reconstruct a factual scenario from the region. The primary objectives of the research were as follows: (i) to better understand how the floodplain community perceives flood and how accurate their assessment is based on scientific evidences, (ii) to assess and identify the susceptibility of floodplain dwellers and (iii) to understand the indigenous knowledge and practices that enable them to live with periodic flooding. At the backdrop of these objectives, this paper investigates the dwellers' perception of the riverine hazards of a chronically flood-affected region, their susceptibility and coping strategies with the overall aim of identifying flood mitigation alternatives.
Study area: the Upper Brahmaputra River plain
This investigation is centred in the Upper Brahmaputra floodplain, specifically in the chronically flood-affected district of Dhemaji (Fig. 1) . The study area at 27°15 0 0 00 N-27°57 0 16 00 N and 94°12 0 18 00 E-95°30 0 0 00 E, with an average elevation of 100 m above Mean Fig. 1 Location map of the study area showing the sample villages in the Upper Brahmaputra plain Nat Hazards (2016 Hazards ( ) 83:1157 Hazards ( -1176 Hazards ( 1159 Sea Level, lies between the Eastern Himalayas to the north and the Brahmaputra River to the south. Floods in the Brahmaputra River valley are an inter-annual event, and the Upper Brahmaputra River plain, especially on the north bank of the river and its many tributaries, experiences high-magnitude floods annually, causing damage to life and property (Table 1) . The multiple impact of floods damages standing crops by inundation and shrinks the cultivable land area by erosion and deposition of coarser sediments (Reports on flood of Brahmaputra and Barak valley 1990 Barak valley -2000 . Floods are often accompanied by avulsions and breaches in the embankments, which drastically change the morphology of the rivers and floodplains, presenting newer environmental challenges to floodplain dwellers (Goswami 1998; Das et al. 2012) . Major investment in structural measures, mostly earthen embankments, by government agencies throughout Brahmaputra valley have proved insufficient. Embankments, as a means of flood protection, were first constructed in the 1950s to late 1960s (Table 2) . A huge sum of money has been regularly spent by the government agencies in repair and maintenance of these embankments to date, which are subjected to breaching and damage during every flood period (Planning Commission reports, Government of India, 2001 . Repeated breaching of these embankments during the monsoon season is synonymous with flooding in this region (Table 3) . This shows the mismatch between the policies for flood protection (which rely heavily on structural measures) and the outcomes (a lack of flood control).
Methodology
The study utilises various data collection techniques including (a) in-depth interviews using questionnaires with the villagers, (b) focus group discussion sessions, (c) the collection of reports and other information from government agencies, (d) personal observation and (e) oral historical narratives by the villagers. Focus group discussions were not actually planned as part of the data collection. However, since it was very difficult to talk to only one person without attracting the attention from others, focus groups were incorporated into the qualitative methodology. Descriptive analyses of all the variables collected Compiled from annual reports on flood situation of Brahmaputra and Barak River valley, 1999-2007, Flood Control Department, Govt. of Assam, India through questionnaire and personal observation were undertaken followed by cross-tabulation of selected indicators in Statistical Package for the Social Sciences (SPSS). The results obtained are tested for significance using the Pearson Chi-square test for the crosstabulations and Pearson's correlation for the correlation analysis.
Reconnaissance survey and interviews
Primary data were generated through a field-based ethnographic study in several phases during 2012-2014. Initially, two reconnaissance field visits (first in February-March 2012, the second in April-May 2013) were made to appreciate the social dynamics of the region and floodplain dwellers' interaction with flooding and associated problems before deciding upon the final questionnaire. A total of 150 residents, including mostly farmers, daily labourers, school teachers and small entrepreneurs (shopkeepers), from various parts of the study area were interviewed during this preliminary survey. During the two preliminary visits, residents were reluctant to fill up forms/questionnaires seemed fuelled by a fear of loss of compensation and other monetary valuation given by government agencies. Informal friendly chats on the other hand elicited far more information, especially when conducted in their local language. Therefore, for the final survey a questionnaire with open-ended questions along with a response sheet (for personal use by the authors) with all of the probable responses learned during the two reconnaissance surveys was designed. Questionnaires were not handed over to the respondents; rather, they were used by the authors for their own reference, and questions were asked in between informal talks. Responses were either audio-recorded in cell phones or manually entered in the response sheet on the spot by the authors while talking to the respondents. In places where people were apprehensive with researchers completing the forms manually, the recorded audio versions were replayed and response sheet was filled up later using the audio clip. Whenever a new response was encountered in the field, the response sheet was modified by incorporating the new response. Interviews were carried out in Assamese-lingua-franca of the region, Mising and Bodo, the two other commonly spoken languages. One of the authors is proficient in all the three languages, making it easier to relate with the local populace. Total  38  10  20  15  38  9  130 Compiled from the information collected from the Embankment and Drainage Department, Dhemaji district
Types of information
A total of 300 respondents in 41 flood-affected villages from the study area were interviewed between April and May 2014 using the stratified random sampling method. Stratification among different revenue circles (an administrative unit) was carried out among flooded and non-flooded villages before randomly selecting the locations for carrying out the interviews among the flooded villages. The information on flood-affected villages was provided by the State Disaster Management Authority, Dhemaji. An attempt was made to collect responses from persons of differing occupations, education levels, age groups and gender for equal representation of all stakeholders and to analyse the response variations in terms of these variables. The questions were asked to elicit information on the following variables:
1. Socio-economic characteristics: age, gender, educational level, occupation and land tenure. 2. Experiences of flooding and other riverine hazards: physical exposure, causes, factors of damages, and cause-damage relation. 3. Susceptibility: social, economic and environmental components. 4. Coping: community participation, indigenous practices and cultural adaptations.
In addition, secondary data on flood damage, embankments, breaches and cuts were collected from the Embankment & Drainage (E&D) department, Dhemaji, Govt. of Assam, for this work.
Results and discussion

Socio-economic characteristics of the respondents and exposure
The basic socio-economic characteristics of the sample population of the region are presented in Table 4 . As expected, 88.3 % of total respondents are farmers. In terms of land tenure, 85.9 % are landowners and 14.1 % are landless tenants working as daily- In order to represent the propensity and severity of flooding in the region and exposure of floodplain communities to it, questions describing physical proximity and flood characteristics were asked. ''Exposure is defined as the predisposition of a system to be disrupted by a flooding event due to its location in the same area of influence'' (UNESCO-IHE). These can be goods of economic interest, infrastructure, cultural heritage, agriculture or people.
Exposure indicators are divided into two categories; the first covers the exposure of different elements at risk, while the second gives details on the general characteristics of floods. Therefore, information on distance of homestead and farmland as an indicator of elements at risk and depth and duration of flood water as indicator of general characteristics of floods was collected. Most respondents have homesteads and farmlands within a 500-m corridor from the river frontage, 30.3 % within 0-50 m, 50 % within [50-500 m and 19.7 % within [500 m. More than half (51 %) of the respondents have their farmland at a distance of [50 m from the Brahmaputra river or any of its tributaries, followed by 27.7 and 21.3 % in [50-500 and [500 m, respectively.
The duration and depth of inundation, along with other factors, largely decide the nature and extent of damage. For about half (48 %) of the respondents, the inundation lasts for between one and five months. For the other half (47.3 %), it lasts for many days (1-20 days). Only a small portion (4.7 %) of the interviewees experience inundation for a short duration (up to one hour). In terms of depths, 54.3 % respondents indicated the depth of flood water to be between 0.60 and 2.13 m, and 45.7 % to be [2.13-4.26 m above ground level. The large variation in-depth of inundation is due to elevation of the area and bed-level of the rivers. There are places where the river bed is higher than the neighbouring plains. This elevation difference has been accentuated by the embankments which increase the vertical capacity of the rivers. Therefore, whenever a breach in the embankments occurs in these regions, a huge volume of water rushes to the plains causing high depth of inundation. This explains the severity of flooding and the reason behind extensive damage that the Upper Brahmaputra River plain frequently experiences.
Experience of flood and associated riverine hazards
All respondents belong to an area where flood is very common. Questions on frequency, along with duration and depth of flooding in homestead and farmland, were asked to document their experiences. Most of the respondents (85.5 %) experience flooding annually in their homestead. About 9.3 % indicated that they experience occasional floods and a very few, i.e. 5.2 %, rarely experience floods in their homestead. As far as floods in the farmland are concerned, 90 % of the respondents experience this annually and the remaining 10 % only occasionally. Along with flood, erosion and deposition are the other two major riverine hazards that affect floodplain inhabitants. Erosion leads to loss of farmland, and deposition of coarser sediments leaves land unsuitable for cultivation by drastically reducing yield and fertility. In the study area where the majority of the respondents (88.3 %) depend on cultivation for livelihood, loss of land or fertility by erosion and deposition is a major economic concern.
Cause-damage relationship and its variability
Perception of causes
Perception and understanding of flood hazard and associated problems are important components that influence preparedness, response, mitigation intentions and loss and recovery among floodplain dwellers (Thieken et al. 2007; Lin et al. 2008) . It is also important for the evaluation of stakeholders' perceptions' in flood mitigation policy formulation which is often criticised as inaccurate and excluded by the decision-makers (Löfstedt 1995) . Therefore, this gives an opportunity to analyse the perception of floodenduring communities of the Upper Brahmaputra River plain which has never been attempted.
More than half the respondents (52 %) specified embankment breach as the only cause of flooding, and some 12.7 % identified a combination of breach and erosion (Table 5 ). This interesting observation stems from the fact that breaches in embankments have become synonymous with floods in many north bank areas of the Upper Brahmaputra. This is also linked with concerns for their livelihood, which is land and crop dependent.
Respondents consider that rainfall in the upper and lower catchment areas contributes to flood hazard in the plains. They also attribute flooding to backwater accumulation aggravated by channel congestion at river confluences, lack of embankments, rise in river beds, natural dam breaks in upper catchment and anthropogenic activities. Among anthropogenic activities, respondents in two villages specifically highlighted hindrance (auto docking) due to railway lines and deforestation in upper catchments as genesis of flood.
Out of the two occupation groups (farmers and government service holders), the majority (56.6 %) of the farmers recognised breach as the only cause of flooding. However, in case of the second group a majority (42.9 %) cited a combination of the lack of embankments and a rise in the river bed as the prime causes of flooding in the region. This was followed by the combination of breach and natural dam break in the upper catchment area. Just 17.1 % of the government service holders identified a breach as the only cause of flooding.
Similar patterns were also observed in regard to the perception of the causes of flooding amongst different educational groups. Obviously, most of the farmers belong to the first educational group (i.e. none to only some formal education) and the response pattern is the same as that discussed above. Of the second group (Table 4) , 50 % stated that the lack of embankments and a rise in the river bed were the prime causes of flooding, followed by the response combination of breach and natural dam break in the upper catchment area (36.7 %). The third and most educated group (though small n = 5, but not negligible) cited breaches in the embankments as the only cause of flooding in the region.
Respondents' perception of flood causation varied significantly with their occupation (v 2 = 2.18; P \ 0.001), level of education (v 2 = 2.63; P \ 0.001) and land tenure (v 2 = 47.82; P \ 0.001). A significant correlation is found between perceived causes of flood and respondents' occupation (r = 0.354, P \ 0.001), level of education (r = 0.286, P \ 0.001) but not with age, gender or tenure on land (Table 6 ). Though perceived causes varied significantly with physical exposure (distance from river) (v 2 = 3.25; P \ 0.001), they are not correlated (r = -0.064; P [ 0.05).
In response to a question on the causes of breaches in the embankments, 34.2 % identified the high velocity of water as the cause, while 20.7 % mentioned inadequacy (referring to materials used, height and the absence of maintenance) of the embankment (Table 5) . In response to a question regarding ''causes of erosion'', 39 % regarded a combination of high discharge, loose bank material and river migration as the main causes (Table 5 ).
The pattern of perception and combination of responses towards causes of floods, breaches in embankments and causes of erosion highlights a realistic understanding of the riverine hazards among the floodplain dwellers. As most of the floodplain dwellers do not consider periodic inundation as a hazard, a common way of thinking in floodplains of SE Asia (Tran et al. 2008; Das 2011) , their responses were based on events and conditions that generate extreme floods or accentuate the flood situation and associated phenomena.
Perception of factors of damage (aspects of flooding that cause the actual damage)
In response to the question on factors that cause damages, the dwellers listed three factors-inundation of high magnitude, sand deposition and erosion. The combination of inundation and sand deposition is mentioned by 45.1 % of the respondents. Perceived factors of damage varied significantly with respondents' tenure on land (v 2 = 77.78; P \ 0.001) but not with age, gender, occupation or level of education (Table 6 ). Perceived factors of damage are negatively correlated with the respondents' occupation and level of education, whereas it is positively correlated with tenure on land. Ownership is an important criterion in explaining perceived factors of damage as the damage experienced by them is much more than those who do not own land and hence crops. Almost all the factors of damage, i.e. inundation of high magnitude, erosion and deposition of coarse sediment, invariably damage crops in the adjacent floodplains, which is the priority of the floodplain dwellers.
Perception of factors of damage varied significantly (v 2 = 1.79; P \ 0.001) in relation to respondents' physical exposure, which is reasonable, as proximity to the river determines much of the damage. In terms of correlation between them, it is significantly negative (r = -0.51; P \ 0.001).
The relationship between perceived causes of floods and the factors of damage highlights a greater understanding of the flood phenomena among floodplain dwellers of this region. Respondents' perception in terms of causes of flood varied significantly with their perception of factors of damage (v 2 = 2.23; P \ 0.001). Amongst respondents who (Table 7) , highlighting the association between perceived causes of flood and resultant factors of damage. The correlation that exists between perceived causes of flood and factors of damage is significant (r = 0.261; P \ 0.001). Such realistic and practical understanding of riverine hazards amongst the floodplain communities of the Upper Brahmaputra River plain, compared to many other studies (Krasovskaia et al. 2001; Bielders et al. 2003; López-Marrero 2010; Adelekan 2011) , is the result of frequent and extensive exposure to floods and associated problems. Therefore, incorporating their realistic and practical understanding into the framework of policies may go a long way in effective mitigation of riverine hazards.
Susceptibility due to flood risk
This work follows the UNESCO-IHE definition of susceptibility. Susceptibility indicators could be distinguished into social, economic and environmental components in addition to the obvious direct physical components. These components are assessed with the help of indicators including flood early-warning systems and awareness, cropping patterns and sources of drinking water.
The presence of a flood warning system and awareness amongst the floodplain dwellers enhances preparedness and can reduce the level of susceptibility and vulnerability. Hence, it becomes a choice of social indicator of susceptibility. A pre-warning system is a technique of detecting threatening events in advance and warning the public en masse to reduce the adverse effects of the event. A programme covering the entire Brahmaputra valley, viz. flood early-warning system (FLEWS), has already been started under the aegis of the Assam State Disaster Management Authority (ASDMA), Government of Assam. Information is communicated to the administrative authorities of the region where there is a risk of flooding. The authorities concerned are responsible for warning the people of the locality of the impending danger. Therefore, the existence of a pre-warning system in the study area also provides an opportunity to appraise the effectiveness of the existing mechanism for flood warning in the study area. The majority of respondents (85 %) said that they had no pre-warning of flood, while only 15 % of respondents had some form of pre-warning from government/external sources. It is interesting to note, however, that 85.7 % (n = 261) of the respondents said they do perceive some form of pre-warning based on their personal observation and experience of hydro-meteorological parameters, and even animal behaviour. The perceived warning mechanism is based on precursory events, including local rainfall intensity (50.2 %), water level of the river (26.4 %), historical return period of flood (6.5 %), a combination of rainfall in the hills of the upper catchment and water level (9.2 %), and the activity of crickets in combination with rainfall in the upper catchment (7.7 %). The information on rainfall in upper catchments is acquired mostly through personal contacts, which has become easier with the recent spread of mobile communication technology. The responses from the dwellers clearly indicate that the organised flood warning system is yet to become a part of their preparedness in the study region. The lack of a reliable prewarning system or awareness of the same greatly increases the vulnerability of the population during an extreme flood event.
Another major implication of flood is the effect on the economy and livelihood of the floodplain dwellers. Loss of seasonal crops and fertile land due to inundation, erosion and sand casting is not only a short-term stress but in the long term leads to loss of livelihood. The major cropping season coincides with the period of rainfall maxima and flooding. Given the economic background of the inhabitants, who are marginal farmers and have no or few alternative income sources, loss of seasonal crops or land increases the poverty spiral. Experiences from the floodplains of developing countries show that a harvest in the non-flood period can largely compensate the loss during a flood period (Brammer 1990 ). Therefore, the cropping pattern of a region indicates its economic susceptibilities.
Questions on cropping patterns, particularly for a non-flood period, are asked in order to understand the economic susceptibility. It was found that two-thirds of respondents (65.3 %) do not cultivate during non-flood periods. The remaining 34.7 % cultivate rice paddies (21.8 %), vegetables (7 %) and Rabi crops (6 %). Flooding in this region takes place mostly between May and October, and the remaining six months are free of flood. Therefore, the question as to why they do not cultivate during this period arises automatically. In response to this question, most of the respondents (72.1 %) described sand casting as the reason the land is unsuitable for cultivation. Similarly, a sizeable proportion described stagnant water (17.3 %) as the reason. Many (10.6 %) replied that it is a combination of both. It may be recalled that most of the damage caused by floods in the study area is due to breaches in the embankments. The floods resulting from breaches not only destroy standing crops but also deposit huge amounts of coarser sediment, leaving land unsuitable for cultivation of the crops known to the floodplain dwellers.
Besides social and economic damage, floods are associated with environmental damage, primarily to human health. The major risk factor for outbreak associated with flooding is the contamination of drinking water facilities (WHO 2015) . The chance of contamination of drinking water sources increases greatly during flooding, leading to increased risk of waterborne as well as vector-borne diseases such as cholera, dysentery, diarrhoea, malaria and dengue, which are common in the study region. Therefore, sources of drinking water become an automatic choice of environmental indicators of susceptibility for the study region. Nearly half (46.7 %) of the respondents interviewed are dependent on shallow dug wells as a source of drinking water, and a further 17.6 % on pond and river water. These sources are highly susceptible to contamination, especially during floods, leaving the population vulnerable to waterborne diseases. Only 24 % rely on deep tube-wells, which are generally considered a relatively safer source of drinking water. In addition to drinking water, flooding also upsets sanitary systems which are already inadequate. Although no questions were asked, it was the author's own observation that virtually none of the houses in the villages have a Pukka sanitary system. The situation is exaggerated during flooding by the fact that there is hardly any place left for defecation.
Indigenous knowledge, adaptations and coping mechanisms
Community participation
The concept of ''sustainable hazard mitigation'' takes into account both community planning and public participation in disaster planning, shifting the focus from response and recovery (Pearce 2003) . Community involvement can provide solace during the event of an extreme condition, and the societal binding and togetherness is an important way of coping with the constant threat of an extreme flood or any other disaster.
Most respondents (67.7 %, n = 203) actively participate in flood protection works to mitigate flood risk. Participation at community level comprises primarily of emergency activities, which include monitoring and strengthening embankments at probable breach sites, helping each other in shifting and evacuation, and monitoring of the water level. Most respondents (39.4 %) indicated that they repair embankments and spurs to reduce the flood risk by using bamboo, tree logs, sand bags and other locally available materials at the time of crisis.
Besides emergency activities, they also participate in the construction of raised platforms in regularly inundated villages, along with government agencies. From the experience of past floods, respondents in many places indicated the importance of raised platforms and the construction of more of these in their villages. As part of preparedness, they also construct large boats at community level. The raised platforms and large boats are used as temporary shelters during high floods. They also try to save vulnerable sections of the river banks by constructing and placing porcupines (concrete blocks/or made of bamboo) to divert the current of river water and reduce erosion (Fig. 2) .
Agricultural patterns
Agricultural adjustments the dwellers adopt are confined mostly to the selection of crops and temporal adjustment of sowing. It was found that two criteria-the chances of harvesting before a flood and soil suitability-were important in the selection of crops. Of the total respondents, 42 % replied with a combination of these two criteria. However, for many (22.7 %) the chances of harvesting before a flood is the single most important factor. Similarly, for 11.7 % the criterion is soil suitability. Besides crop selection, dwellers also advance the sowing season in many areas aiming mostly a safe harvest. In response to the author's query as to how they know when to advance sowing time, villagers replied that it is based on their experiences of the rainfall pattern, particularly the pre-monsoon shower and associated weather, and the resultant flood that normally follows. The knowledge of crop selection and early sowing is a result of continuous learning of floodplain dwellers with floods.
Housing patterns
Housing patterns in the floodplain are of the utmost importance as they must withstand flooding and provide safe shelter for the inhabitants during high floods. Most of the communities living in the vicinity of the rivers in the Upper Brahmaputra, such as Mising and Deori, build their houses well above ground level in the form of ''Chang Ghar'' (Fig. 3a, b) . Other communities which do not build a Chang Ghar have their plinths raised many feet above ground to avoid flood water entering their homes. Almost all of the respondents from the Mising and Deori community live in a Chang Ghar, and those with more modernised neo-Assamese houses have their kitchens constructed in a typically raised pattern, which highlights the importance these communities attach to protecting food items during adversity.
Food storage and granary
It is almost customary and a common sight in the Upper Brahmaputra River plain that every household has a raised granary. The granary can be as high as 8ft and is usually at a Nat Hazards (2016 Hazards ( ) 83:1157 Hazards ( -1176 Hazards ( 1171 higher level than the household. There are provisions inside kitchens for keeping food items on high platforms suspended from roofs ( Fig. 3c, d ). As mentioned earlier, the economy of the region is based on cultivation and a seasonal harvest is the main source of cash and staple food. Therefore, an all-out effort to save crops becomes an absolute necessity, which is evident from the housing and granary pattern.
Investment pattern
Floods play an important role in the choice of investment. It was found in the study area that floodplain dwellers prefer to invest more in moveable property, such as cattle and poultry, compared to immoveable assets. This investment pattern of the respondents is influenced by their experience of inundation and loss. In the face of an extreme event, it is easy for them to move these assets from one place to another. Besides, cattle and poultry generate income and provide food for the household.
Fishing
Fishing in active floodplains of the Upper Brahmaputra River is common and serves not only as an important source of protein but also as a secondary source of income. Indigenously built devices, such as fishing nets, hooks and many other devices, are used effectively for fishing in the wetlands, swamps and ditches. These devices are readily available in every household, highlighting the knowledge of making the devices and their importance (Fig. 3e) .
Availability of boats
Knowledge of boat construction and their availability in floodplains plays a pivotal role in saving life during floods. Many households in the sample population (84) own a boat, and in many villages community boats are available for routine transportation as well as for rescue during a crisis. Though roads in the floodplains were constructed recently, the rivers serve as the primary route for transportation; therefore, the availability of a boat is an essential part of day-to-day living. Boats are constructed by community members using locally available materials (Fig. 3f) .
Recommendations
In this section, we will discuss and present recommendations to address flood hazard response and mitigation that are suitable to adapt to the local ethos of the region and communities living there. These recommendations are based on the interactions with the indigenous communities of the Upper Brahmaputra plain and authors' own association with the region. Flood hazard-response decision is a complex process, and there is a long-standing debate on the choice of options. It is particularly evident in developing nations where mitigation options have to encompass factors from a wide range of fields, including economy and society besides hydro-climatic set-up. In the context of the current scenario in the Upper Brahmaputra plain, the field reality suggests the following key areas for policies to concentrate on.
Intensive cultivation in the flood-free period can be an alternative to compensate for the loss of crops due to flooding. It is seen that the dwellers' utmost priority is to save the crops. It is understandably so, as the major cropping season in this region coincides with the flooding period, and losing the major crop increases the poverty spiral of these marginal farmers. Therefore, intensive cultivation in the flood-free period can compensate to a great extent for the loss of crops during the flooding season. The absence of cultivation in the non-flood period as attributed by the dwellers is mainly (a) physical hindrance-the sand casting and stagnant water as a consequence of flooding-and (b) the unavailability of good-quality seeds.
There is another aspect, as understood by the authors, of cropping in non-flood periods in this region. The dwellers' acquaintance with upland cropping is not as deeply rooted into the sociocultural ethos as the monsoon-fed lowland cropping. Therefore, there is a general sense of unpreparedness for the intensive cropping in the non-flood period.
The generation of alternate income sources by imparting technical skills could be a way of increasing resiliency. This will reduce the over-dependence on monsoon cropping, which coincides with the flooding period and is the prime source of income but is prone to damage due to flooding.
Flood insurance, similar to the developed world but with mechanisms suited to the local conditions, and which is totally absent in this region, would be a potential tool for compensating loss. However, as previously mentioned, for such an attempt to be effective, it is important that the mechanism be compatible with the socio-economic conditions. For example, in the study area, it might not be attractive for the marginal farmers to insure in terms of cash deposits/reserves. But a community granary which is flood proof, where people can contribute some part of a crop and use it later during an emergency, could be a possible customisation of the insurance mechanism.
Increasing the number of raised platforms in every flood-prone village can act as a lifesaving element during high floods. Similarly, raised houses (Chang Ghar) should be promoted across communities living in the study region. The Chang Ghar is highly adapted to flood but as of now is traditionally constructed only by Mising and Deori communities. The remaining population in the region has yet to adopt these types of houses due to cultural differences.
Improved early-warning systems and forecasting, by combining local knowledge with neo-technology, could result in better anticipation of a forthcoming hazard. Dissemination of flood warnings is another aspect where there is immense scope for improvement in the study area. It has been observed that information as basic as rainfall in upper catchments and water levels is obtained by floodplain dwellers from their own individual unorganised channels.
Conclusions
This study highlights the dwellers' understanding of the genesis and consequences of flood and the adaptations made from a chronically flood-affected region. The definition of flood for the dwellers of the Upper Brahmaputra floodplain is not simply inundation: It is what causes them the most harm. Evidently, this perceived definition of flood is influenced by their experience and their immediate concerns. Similarly, the purposeful patterns of adjustments that have lent fair support in living with floods in an area where institutional response is virtually absent have evolved out of necessity and learned through generations. Therefore, acknowledging the essence of the definition perceived and the patterns of adjustment adopted by the dwellers into the framework of policies aimed at achieving effective flood mitigation alternatives becomes vital.
Flood-proofing in the Upper Brahmaputra plains has led to a situation where the occurrence of floods has become synonymous with the failure of protection measures. That is paradoxical, as flood-control measures themselves have become problematic to the floodplain dwellers. Embankments, the most common flood-control measures in this area, are breached repeatedly, inundating large areas. It is seen that the construction of embankments, particularly during the initial years, attracted more and more of the population to live and cultivate near the rivers. With the progress of time, they find themselves in an environment of uncertainty, as flooding caused by the failure of embankments is often more damaging than that of floods caused by the regular process of the river overspilling. It not only damages standing crops but also leaves farmlands unsuitable by casting sand. The high velocity associated with the water that overtops the embankments during breaches carries coarser sediment loads and deposits these on land which is mostly used for cultivation. Of late, this has been the characteristic feature of flooding in the study area. As a result, sand casting due to breaches in the embankment has emerged as a major issue associated with riverine hazards in the region.
The floodplain communities in the Upper Brahmaputra plain have evolved measures to live with periodic flooding in the form of indigenous adaptations, but sand casting is a neofacet of riverine hazard and the population at large does not have any strategies to tackle it. This reflects that the current policy of construction of structural measures for flood protection needs a serious retrospection. It is creating a situation which throws newer environmental challenges at a pace faster than the indigenous adaptation strategies can evolve. This naturally compels one to investigate the possibilities of choices and different alternatives of flood mitigation. The present work is a contribution towards achieving such viable alternatives of flood mitigation. We hope that the findings of this work will assist the policy makers in formulating appropriate alternatives for flood mitigation.
